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Enhancing Discovery, Search, and Access of NASA Hydrological Data by Leveraging GEOSS 



NASA/Goddard Earth Sciences Data and Information Services Center (GES DISC) 


Exposing NASA data rods to the world 


Motivation and Prior Work 


> An ongoing NASA-funded "Data Rods" (time series) project has demonstrated the 
removal of a longstanding barrier to accessing NASA data (i.e., accessing archived 
time-step array data as point-time series) for selected variables of the North 
American and Global Land Data Assimilation Systems (NLDAS and GLDAS, 
respectively) and other NASA data sets. 

> Data rods are pre-generated or generated on-the-fly (OTF), leveraging the NASA 
Simple Subset Wizard (SSW), a gateway to NASA data centers. 

> Data rods Web services are accessible through the CUAHSI Hydrologic 
Information System (HIS) and the Goddard Earth Sciences Data and Information 
Services Center (GES DISC) but are not easily discoverable by users of other non- 
NASA data systems. 

> An ongoing "GEOSS Water Services" project aims to develop a distributed, global 
registry of water data, map, and modeling services cataloged using the standards 
and procedures of the Open Geospatial Consortium and the World Meteorological 
Organization. 

> Preliminary work has shown GEOSS can be leveraged to help provide access to 
data rods. Another ongoing NASA-funded project is extending this prior work. 


Removing Barrier to Accessing NASA Data 
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NLDAS_NOAH0125_H.002 0-100 cm top 1 meter soil moisture content [kg/m‘2] ® (Ion =-97.9 375, lat=31.0625) elev=297.057 [m' 




All variables, 
all grid points, 
one time step 
per file 


More than 300,000 
time steps plotted in 
« 1 sec. 



Sharing hydrologic data 
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Schematic diagram for data reorganization for optimal time series access 


Other variables available: Precipitation, 

Runoff, ET, Surface Temperature 

Probability presentation of Data Rods 
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U.S. Soil Moisture map 
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Water content in the previous month 


CDF & current 
value (Azure 
cloud) 


Soil moisture: 181.36mm 
Anomaly: -4.42mm 
Percentile: 45% 


Statistics of the day 
Mean: 225.62mm 
StDev: 49.11mm 
Range: 203.94mm 
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— Soil Moisture 


Click on map to plot values 


Spatio-te mporal stat i sties' 

Data rods accessible via a Web interface, providing a 
probability description at each grid cell and for each day. 
Current values can be seen in the context of a probability 
distribution of past values, for that location and time. 


Previous 30 days 
(data rods) 


NASA Hydrological Data via GEOSS 
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Virtual Data Rods in WaterML 
extracted on the fly 
from the Giovanni Cache 
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To HydroDesktop per 90 sec 
(6500 time steps per minute 


NASA to 
Geo Portal 


Client Machine 


Parallel requests 
1 per year 


CUAHSI 
To SSW 


On-The-Fly 
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Agent 



2 GES DISC Servers 
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Server 1 containing 
Monthly Cubes for previous years 
(1998-2014) (updated yearly) 


NCO script 


Water OneFlow Web Services 


Pre-Forged Rods 


sends spatial and temporal constraints 
to each month- box 

determines which 
month-year cubes to subset 
sends messages to each 
machine to retrieve a data rod 
for every year in temporal constraint 
Retrieves and concatenates all rods 
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Remote NASA Data Provider 


I Server 2 containing Giovanni Cached files 
for Current Year (201 5) 


Bidirectional process flow of data and services 
between NASA and non-NASA data systems 


2015-01-01 (daily dataset) : 

<2015-01-02 (daily dataset) 

2015-01-03 (daily dataset) 

2015-01-04 (daily dataset) 

<2015-04-15 (latest ingested) (daily dataset) 


Process flow for OTF processing of data rods 

OTF processing of data rods avails users many more variables than are currently available as 
pre-generated data rods, from both the GES DISC and, via SSW, the other participating (in SSW) 
data centers. The tradeoff is a shorter allowable requested time period. Current benchmark for 
OTF- processing performance, partially leveraging Giovanni cache: 90 seconds for 10,000 time 
steps 


Original Data 
Archive 


Data Rods (on-the-fly, OTF) 


Higher data access performance 
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Higher # of data variables 


Different ways of generating 
OTF data rods, e.g., data 
cubes: „ — 
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One variable, 
all grid points, 
several time 
steps per file 
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Master Directory 


Web map for time series 


ArcGlS - GEOSS Water Services: NASA GLDAS Data Rods 
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ArcGlS - GEOSS Water Services: NASA GLDAS Data P ds 
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Data rods Web 
services; both OTF 
and pre-generated 





a Showing list of Metadata's hyperlinks 
GET SERVICE > GET WEB FEATURE SERVICE (WFS) (j 


This is an experimental WFS more 
endpoint, providing access 
to time series (plot, ASCII, 
or WaterML) for each grid 
location. 


d V020 (GLDAS_NOAH025_3H) at GES DISC 


J core GLDAS Noah Land Surface Model L4 3 Hourly 0.2S x 0.25 degree Subsetted V0O1 (GLDAS_NOAH025SUBP_3H) at GES DISC 
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Metadata for Requested Time Series: 

prod_name=GLDAS_NOAH025_3H.001 
param_short_name=SOILM0- 100cm 

param_name=0- 100cm top 1 meter soil moisture content 

unit=kg/m A 2/hr 

begin_time=2012/01/01/00 

end_time=2013/01/01/00 

begin_time_index=34632 

end_time_index=37560 

lat= 30.8750 

lon= -97.6250 

grid_y=363 

grid_x=329 

tot_record=2929 

Request_time=Sat Mar 21 20:01:58 2015 


Orig-rec # reqt-rec # 


GLDAS: X329-Y363 

vVdrf Soil moisture in kg/m * 2 foj 
1 of soil computed by 
surface model 
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Both modes of presentation of data 
web applications development and 


rods to be migrated to Tethys, http://bit.lv/lAgUCbO, a 
hosting environment) 
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William Teng NASA Goddard Space Flight Center (ADNET Systems, Inc.) 
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Use Cases Development 


NASA hydrological variables as data rods 
(currently available, pre-generated and OTF) 




Precipitation hourly total 
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0-100 cm top 1 meter soil moisture content 



0-10 cm soil moisture content 
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10-40 cm soil moisture content 
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100-200 cm soil moisture content 
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Surface runoff (non-infiltrating) 



Subsurface runoff (baseflow) 



Total evapotranspiration 



Latent heat flux 
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Near surface air temperature 
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Mean land surface temperature (incl. snow) 



Soil temperature in (layer 1, 2, 3, 4, 5, and 6) 


Tropical Rainfall Measuring Mission (TRMM) 

Precipitation (OTF) 


Land Parameter Retrieval Model (LPRM) 
Soil Moisture (OTF) 
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NLDAS grid and river flow in the Guadalupe 
and San Antonio Basins, Texas 

> Linking vertical water balance of NLDAS 
with horizontal transport of water through 
basins. 

> Flows in each reach computed using 
RAPID model with input NLDAS runoff data 
rods. 



GRACE-Based Root Zone Soil Moisture Drought Indicator 

March 16,2015 



Wbtn*M per otnbtot nt reiatu* to ihe period 1W8-2O09 
The rcotzone is defined as fhe lop 1 meter of sod 
Ced Resolution 0 25 delete 

Projection of this document ts Lambert Azmxjthal Equal Area 


I I I tz 
Wetness Percentile 


httpJ/droughtunledu/MonitonngTools/NASAGRACEDataAssim/aUonaspx 


Root zone soil moisture drought indicator 
map (March 16, 2015), based on assimilation 
of Gravity Recovery and Climate Experiment 
(GRACE) data into a land surface model. 

> See http://bit.lv/la4cigK ) for weekly 
maps and complete description. 

> Such drought indicator maps will benefit 
from the availability of data rods, which will 
aid in the interpretation of wetness 
conditions. 


For More Information 


Hydrology Portal 
GES DISC 


LDAS Portal 
GSFC Hydrological 
Sciences Lab 


Giovanni Portal 
NLDAS Hourly 
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Giovanni Portal 
GLDAS 3-hourly 
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Giovanni Portal 
Soil Moisture 
Daily 0.25° 
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